We have measured the current-voltage characteristics of small-capacitance single Josephson junctions at low temperatures (T ≤ 0.04 K), where the strength of the coupling between the single junction and the electromagnetic environment was controlled with one-dimensional arrays of dc SQUIDs. We have clearly observed Coulomb blockade of Cooper-pair tunneling and even a region of negative differential resistance, when the zero-bias resistance of the SQUID arrays is much higher than the quantum resistance h/e 2 ≈ 26 kΩ.
such as "Coulomb blockade" has been considered to be extremely difficult in single junctions because a high-impedance environment is necessary, and special care should be taken with the measurement leads [1] . For this reason, thin-film resistors [3] and tunnel-junction arrays [4, 5] were employed for the leads, and an increase of differential resistance around V = 0 was reported.
We use one-dimensional arrays of dc superconducting quantum interference devices (SQUIDs) for the leads. The advantage of this SQUID configuration is that the effective impedance of array can be varied in situ by applying an external magnetic field perpendicular to the substrate. Thus, the zero-bias resistance of the SQUID arrays at low temperatures can be varied over several orders of magnitude. This phenomena has been extensively studied in terms of the superconductor-insulator transition [6] . The single junction in our samples, on the other hand, does not have a SQUID configuration, and therefore its parameters are practically independent of the external magnetic field. This enables us to study the same single junction in different environments. This type of experiment has not yet been reported to the best of our knowledge. We show that the IV curve of the single junction is indeed sensitive to the state of the environment. Furthermore, we can induce a transition to a Coulomb blockade of the single junction when the zero-bias resistance of the SQUID arrays is much higher than the quantum resistance R K ≡ h/e 2 ≈ 26 kΩ.
In addition to Coulomb blockade, we have clearly observed a region of negative differential resistance in the IV curve. Negative differential resistance has been reported in one-dimensional arrays [6] and in two-dimensional arrays [9] , however, clear observation in junctions is governed by stochastic quasi-particle tunneling, and the IV characteristic is highly resistive. As the current is increased, coherent single-Cooper-pair tunneling, or "Bloch oscillation" dominates, decreasing the mean voltage. As a result, the IV curve has a region of negative differential resistance, or "back-bending" in the low-current part.
Theoretically, the value of the local voltage maximum, or blockade voltage V b , is a function of the ratio E J /E C , and given by
as T → 0, where
is the half width of the lowest energy band [2] . When quasi-particle tunneling is neglected, V b becomes larger [12] ,
The calculation of V b for arbitrary E J /E C has also been done for the case of no quasi-particle tunneling [13] .
In Fig. 6 , we compare the measured V b with the above predictions. We used E J = h∆/8e 2 R n , and for E C we estimated C from the junction area. A value of specific capacitance c s = 45±5 fF/µm 2 [14] , which was obtained for the junctions with 3×28 µm 2 and 7×54 µm 2 , has been frequently employed [3, 5, 6] . Uncertainty in c s , however, seems to be much larger when the junction area is on the order of 0.01 µm 2 or smaller.
In 
